Abstract
INTRODUCTION
It has been confirmed that inhibition of expression of cyclooxygenase-2 (COX-2) has antitumor activity against gastrointestinal carcinoma [1] . Selective COX-2 inhibitor celecoxib can prevent and reduce the incidence of colorectal cancer to some extent [2] . However, a recent study has shown that cardiovascular toxicity is caused when selective COX-2 inhibitors are used in the long term [3] . Consequently, it is considerable importance that a more effective and less toxic selective COX-2 inhibitor, which can be used for the treatment of colorectal carcinoma, is found.
Paeonol is a herb that is the main active component of peony bark. It has been shown to have many pharmacological activities, such as antifebrile, analgesic, antipyrotic, anti-atherosclerotic, anti-platelet and antioxidative activity [4, 5] . It has also been demonstratedthat paeonol has antitumor effects in animal experiments [6] . Our recent study on apoptosis after addition of paeonol in human colorectal carcinoma cell line HT-29 shows that paeonol has antitumor activity, by regulating the expression of Fas, Bcl-2, Bax and p53 and finally causing apoptosis [7, 8] . However, the pathway of paeonol-induced apoptosis is still confusing, which emphasizes the necessity of identifying its antitumor mechanism.
In the present study, the expression of COX-2 and p27 was detected and compared, and one of the antitumor mechanisms of paeonol was explored.
MATERIALS AND METHODS

Materials
Human colorectal carcinoma cell line HT-29 was purchased from the Cancer Research Institute of the Wuhan University in China. Paeonol (Tianzhen Pharmaceutical Company of Ningbo, China), 5 mg/mL, RPMI 1640 (Hyclone Company, USA), calf serum, DABC immunoassay kit (Beijing Zhongshan Company, China), mouse anti-p27, rabbit anti-COX-2, GAPDH, antimouse and anti-rabbit secondary antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were purchased as indicated. [9] : Cell proliferation was measured using the MTT assay. Cells were plated in triplicate at 5 × 10 3 cells/well in 96-well plates, and treated with increasing concentrations of paeonol for culture of 24, 48, 72 and 96 h. Twenty microliters of 5 mg/mL MTT (Amresco, OH, USA) was added to each well and the cells were cultured at 37℃ for an additional 4 h. The resulting formazan crystals were solubilized by the addition of 150 μL DMSO to each well. The optical density at 570 nm was measured and the percentage cell viability was calculated using the following formula: percentage cell viability = (absorbance of experimental well -absorbance of blank)/(absorbance of untreated control wellabsorbance of blank) × 100% ( Figure 1 were seeded into 24-well plates and treated with paeonol at a concentration of 0, 0.094, 0.376 or 1.504 mmol/L for 48 h, in triplicate, and then cells were trypsinized, and rinsed with PBS. Immunocytochemical staining was carried out using the DABC immunoassay kit according to the manufacturer's instructions. Immunostaining was observed by immunofluorescence microscopy. Positive staining for COX-2 was located mainly in the cytosol, and p27 in the nucleus. Immunocytochemical staining was classified as follows [10] : number of positive cells < 10% was deemed as negative (-), 10%-25% as (+), 25%-50% as (++), and > 50% as (+++). 
Methods
MTT assay
RNA preparation and rever se transcriptionpolymerase chain reaction (RT-PCR):
Total RNA was isolated using the Trizol reagent (Invitrogen, CA, USA) and 1 μg RNA was used as a template for the synthesis of cDNA using the RversetAid First Strand cDNA Aynthesis Kit (Fermentas, ME, USA) according to the manufacturer's instructions. PCR analysis was performed in a final volume of 25 μL using PCR Master Mix (Fermentas). COX-2-specific primer sequences (forward: 5'-TTCAAATGAGATTGTGGGAAAATTG CT-3'; reverse: 5'-AFATCATCTCTGCCTGAGTATCT T-3'); p27-specific primer sequences (forward: 5'-CGTG CGAGTGTCTAACGG-3'; reverse: 5'-CGGATCAGTC TTTGGGTC-3'); GAPDH-specific sequences (forward: 5'-ACGGATTTGGTCGTATTGGG-3'; reverse: 5'-TC CTGGAAGATGGTGATGGG-5') were designed using the Primer Premier 3 (Applied Biosystems, CA, USA). PCR products were separated in 1.5% agarose gels, stained with ethidium bromide and photographed.
Statistical analysis
Statistics were calculated with the SPSS version 11.5 (SPSS Inc., Chicago, IL, USA). All determinations were repeated in triplicate. Data are presented as means ± SD. Significance for comparison of samples was determined by Student's t test and χ 2 test. P < 0.05 were considered to be statistically significant throughout the study.
RESULTS
Inhibition of cell proliferation by paeonol in a dose-and time-dependent manner HT29 cells were treated with paeonol at different concentrations for 0, 24, 48 and 96 h, and the rate of inhibition was determined by MTT assay. We observed that growth of HT-29 cells was suppressed in a doseand time-dependent manner ( Figure 1 ).
Effects of paeonol on cell apoptosis
In order to confirm the results obtained from the MTT assay and to elucidate the mechanisms of action of paeonol, we analyzed apoptosis using DABC immunocytochemistry (Figure 2A (Tables 1 and 2) .
Cell cycle distribution was assessed by flow cytometry. As shown in Figure 2B , the rate of apoptosis increased significantly as higher concentrations of paeonol were used, which reached 34.5% when paeonol was 1.054 mmol/L. Paeonol caused S-phase arrest and thus inhibited transition to the G0 and G2/M phases in a dosedependent manner (P < 0.01) ( Table 2 ). The results suggested that apoptosis was the main mechanism by which paeonol inhibited the proliferation of HT-29 cells, and COX-2 and p27 were involved in the changes.
Dose-and time-dependent effect of paeonol on COX-2 and p27
It has already been reported that COX-2 plays a critical role in controlling the growth as well as apoptosis in carcinogenesis. To elucidate the interaction between COX-2 and paeonol, HT-29 cells were exposed to 0, 0.094, 0.376 or 1.504 mmol/L paeonol for 48 h, and www.wjgnet.com p27, which also plays a critical role in apoptosis, showed increased mRNA expression as the concentration of paeonol was increased (Figure 4 ), which indicated a dose-and time-dependent response.
DISCUSSION
COX-2 is an key inducible enzyme that regulates prostaglandin E2 (PGE2) synthesis [11] . It has a low expression level in normal tissue, while its expression in multiple malignant cancer cells is exceedingly high [12, 13] . By promoting the proliferation of cancer cells and suppressing the expression of certain angiogenesis genes, PGE2 contributes to reducing apoptosis and increasing tumor invasiveness [14, 15] . We found in the present study that paeonol had an inhibitory effect on the expression of COX-2 in HT-29 cells, which was dose-as well as time-dependent. The results show that one of the possible pharmacological effects of paeonol is inhibiting the expression of COX-2.
p27 is an anti-oncogene which is one of the cyclindependent kinase inhibitors, and it belongs to the p21 family. It inhibits cell proliferation by blocking the cell cycle [16, 17] . We discovered in the present study that paeonol promoted the expression of p27 in HT-29 cells in a dosedependent manner (P < 0.01). The cell cycle was blocked in S phase, and the percentages of G0/G1 and G2/M cells decreased significantly after paeonol treatment. From the cytometry figures, we observed that there was an obvious apoptosis peak after adding paeonol to HT-29 cells at a concentration of 1.504 mmol/L, and the rate of apoptosis was higher than that in the controls. This shows that paeonol can cause apoptosis by promoting the expression of p27, which blocks the cell cycle in S phase and interferes with DNA synthesis.
We also discovered that not only does paeonol down-regulate the expression of COX-2, but it also promotes the expression of p27 at the same time, which suggests that they are on the same apoptotic pathway. It has been reported that COX-2 is one of the upstream factors that controls Bcl-2 expression [18] . It has already www.wjgnet.com been demonstrated in our previous study that paeonol can decrease the expression of Bcl-2 and increase the expression of Fas and caspase-8 in HT-29 cells, and we drew the conclusion that Fas/FasL is a central pathway that leads to paeonol-induced apoptosis [19] . In the present study, we found that COX-2 and p27 were correlated negatively after paeonol treatment, and consequently, we deduced that COX-2 and p27 may cooperate in controlling the proliferation of colorectal carcinoma cells. That is, when activated, COX-2 inhibits expression of p27 and promotes cell proliferation. Another inference we can make from this study is that p27 plays an important part in the control of Fas/FasL apoptosis and promotes apoptosis when its expression is up-regulated.
To identify the apoptotic mechanism of paeonol more clearly, further investigations are needed. We expect that paeonol may replace nonsteroidal anti-inflammatory drugs or selective COX-2 inhibitors because of their toxic effects, and form a new strategy for the therapy of colorectal carcinoma.
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Colorectal carcinoma is common all around the world and has a high incidence among all the carcinomas. In research on paeonol, the hot topics are to identify the mechanism of its antitumor action, and to establish the possible pathways by which paeonol induces apoptosis in the HT-29 cell line.
Innovations and breakthroughs
